METHOD OF DETERMINING RADIOACTIVE NUCLIDES 

BACKGROUND OF THE INVENTION 
The present invention relates to a method of 
determining radioactive nuclides by obtaining time interval 
of pulses Incident to an a-ray detector and analyzing it. 

In the measurement of radioactivity, pulse -height 
discrimination of radiations (the energy incident to a 
radiation detector) is carried out and, by the comparison 
with a previously prepared energy library, the 
identification of a radioactive nuclide is carried out. 
However, under the environment wherein plural radioactive 
nuclides exist and when the energies of the nuclides are 
closed to each other, they cannot be discriminated, whereby 
it is necessary to carry out a chemical separation. 

For example , when an abnormal leakage accident occurs 
in nuclear facilities, there is a possibility that an a-ray 
releasing nuclide having a long half -life, such as 
Plutonium, etc., contained in the nuclear fuel is released 
in the environment. Thus, it is necessary to quickly 
determine plutonium in the suspended dust in the atmosphere. 
Practically, by sucking the air by a pump, the suspended 
dust in the air is collected on a filter and after 
recovering the dust filter, the dust is measured by an a-ray 
detector (for example, a silicon surface barrier 
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semiconductor detector) and a pulse-height discrimination is 
carried out. 

However, in this case, radon (Rn), polonium (Po), lead 
(Pb), bismuth (Bi), etc., which are the disintegrated 
products of uranium (U) and thorium (Th) largely existing in 
nature are detected as the predominant nuclides and 
Plutonium (Pu) and the like are concealed in the background. 
Accordingly, it is necessary that, prior to the a-ray 
measurement by a silicon semiconductor detector, the 
recovered dust filter is subjected to a pre-treatment in 
which the dust filter is wholly decomposed with nitric acid 
and hydrofluoric acid and then plutonium is isolated by an 
anionic exchange method. 

Because such a chemical separation is indispensable in 
the prior art techniques, a complicated operation is 
required, and a quick determination cannot be carried out. 
Incidentally, for the analysis of plutonium in the suspended 
dust in the atmosphere described above, the time of about 
one week is required for the determination thereof. 

STTMMARY OF THE INVENTION 
An object of the invention is to provide a method 
capable of determining radioactive nuclides having the 
approximate energies without carrying out a chemical 
separation . 
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Another object of the invention is to provide a method 
capable of simply and quickly determining at a high 
sensitivity even an a-ray releasing nuclide having a long 
half -life contained in an environmental sample. 

As is conventionally well known, a radioactive nuclide 
has the half -life specific to the nuclide and, while 
releasing a- rays and the like, is disintegrated to another 
nuclide according to the following equation. 

A = A Q exp ( -X. t) = A 0 exp (-In (2)/t (1/2) ) t) 
wherein , 

A: present radioactivity, 

A 0 : initial radioactivity, 

X: disintegration constant, X = In (2)/t (1/2) , 
t (1/2) : half -life, 
t: elapsed time. 

This shows that, paying attention to the half -life, a 
half of the parent nuclide A becomes a progeny B within t (1/2) 
hours. The invention is directed to a method of identifying 
and determining an objective nuclide without carrying out a 
chemical separation, by utilizing the principle described 
above, that is, by detecting the a-rays released at the 
disintegration of the nuclide by a detector and matching the 
time distribution thereof with the half -life of the 
objective nuclide. 

According to the present invention, there is provided a 
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method of determining radioactive nuclides comprising: 

inputting a data of pulses incident to an a- ray 
detector in a computer; 

obtaining and plotting a time distribution of the 
incident pulses by using a very short time measuring timer; 

obtaining from the plotted time distribution of the 
incident pulses, the following whole generating probability 
P(t) from a parent nuclide to a disintegrated product 
thereof by fitting the linear originated in a random event 
corresponding to the background and the non- linear 
originated in correlated event of the parent nuclide - 
disintegrated product by using least squares method 
P(t) = {a* • exp (-Xt) • X + C} dt 
wherein , 

P(t): the probability of starting from an optional 
pulse and expiring at the event within a very short 
time dt after t milliseconds, 

X dt: the probability of generating the correlated 
events within a very short time dt after t 
milliseconds , 

C dt: the probability of generating the random events 
within a very short time dt after t milliseconds, 
a t : the probability that the events are caused by the 
correlated events; 

subtracting the random events portion from the P(t) t 



thereby extract the correlated events portion; and 

dividing the extracted correlated events portion by the 
measured time, the amount of supplied sample and the 
counting efficiency to thereby obtain the radioactivity per 
unit. 

The invention also provides a method of determining 
radioactive nuclides comprising: 

determining nuclides , which are unnecessary for the 
measurement by the method described in claim 1, on the basis 
of the half -life thereof and the time intervals of the 
incident pulses; 

removing the thus determined nuclides from the energy 
spectra of objective nuclides to thereby lower the 
background and reduce the detection limit value of the 
objective nuclides; and 

detecting the objective nuclides by using pulse-height 
discrimination (energy discrimination). 

As described above, by analyzing the time interval of 
the incident pulses, and extracting the disintegration 
events, it becomes possible to determine natural radioactive 
nuclides such as radon, etc. Also, by extracting and 
subtracting the disintegrated progenies of radon and radium 
existing in nature from the whole pulses, a background in 
the analysis of plutonium can be removed. Thus plutonium 
contained in a suspended dust in the atmosphere can be 



- 5 - 



determined without carrying out a chemical separation. 



RRTF.F DESCRIPTION OF THE DRAWING S 
Fig. 1 shows a view explaining the relation of the 

incident pulses and the fixed time. 

Fig. 2 shows a view showing the pattern of the existing 

states of the incident pulses in the fixed time. 

Fig. 3 shows a graph showing the relation of the time 

interval and counts. 

DF.TATT.ED DESCRIP TION OF THE EMBODIMENTS 
Pulses incident in an a-ray detector such as a liquid 
scintillation detector, a silicon surface barrier detector, 
etc., are amplified and inputted in a computer through a 
multi-channel analyzer, and the time distribution of the 
incident pulses is obtained by using a very short time 
measuring timer and plotted. Also, a fixed time as shown in 
Fig. 1 is established and how the incident pulses (shown by 
a reference number 10) exist in the fixed time is analyzed. 
The pulses incident in the a-ray detector are classified 
into those originated in the background and those originated 
in the correlated event of parent nuclide-disintegrated 
progenies . 

These pulses are classified into various combinations 
shown in Fig. 2. In the figure, the pulses (shown by a 
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reference number 12) shown by white show the correlated 

events and the pulses (shown by a reference number 14) shown 

by black show the non- correlated (random) events. The 

probability of each combination is as follows. 

P A (t) dt = 2 a t • P b (t) • exp (-Xt) • X dt 

P B (t) dt = 2 a t • P b (t) • {1 - exp (-Xt)} • C dt 

P c (t) dt = 2 a t • P b (t) • exp (-Xt) • C dt 

P D (t) dt = 2 (1 - a t ) • P b (t) • C dt 

wherein 

P (t) dt: the probability of starting from an optional pulse 
and expiring at the events within a very short time dt after 
t milliseconds , 

P b (t): the probability of starting from an optional pulse 

and entering N random pulses after t milliseconds, 

X dt: the probability of generating the correlated events 

within a very short time dt after t milliseconds , 

C dt: the probability of generating the random events within 

a very short time dt after t milliseconds, and 

a t : the probability that the events are caused by the 

correlated events. 

Now, the whole generating probability P (t) becomes as 
follows : 

P (t) = P A (t)dt + P B (t)dt + P c (t)dt + P D (t)dt 

= 2 (C-t) N /N! exp (-Ct) • [ott exp (-Xt) • X + C] dt 
and, since the following equation 
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(C-t) M /N! = exp(Ct) 
is obtained by the Maclaurin's expansion, the probability of 
the correlated events from the whole parent nuclides to the 
disintegrated progenies thereof becomes as follows: 

P (t) = {cc t • exp (-Xt) • X + C> dt. 

The above equation means that the correlated event 
portion a t • exp (-Xt) • X dt to be extracted exists on the 
random events portion (background) of C dt. This state is 
shown in Fig. 3. 

Conversely speaking, as being understood from the 
foregoing, the P(t) is obtained from the time distribution 
of the plotted incident pulses, by fitting the linear 
originated in the random events corresponding to the 
background and the non- linear originated in the correlated 
events of parent nuclide -disintegrated progenies by using 
least squares method: 

P (t) = {a t • exp (-Xt) • X + C} dt. 
The random events portion is then subtracted from the P(t) 
to thereby extract the correlated events portion from the 
parent nuclide to the disintegrated products thereof. 

Now, in the measurement of a radioactive nuclide 
(radioactivity), the number of incident radiations is 
counted. For example, when 600 radiations enter during the 
measuring time of 60 seconds, the number of the radiations 
corresponds to 10 per second. However, the counting 
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efficiency differs according to a detector (for example, 
when 40 radiations can be counted in 100 radiations, the 
counting efficiency becomes 40%). Accordingly, it is 
necessary to divide the counted number by the counting 
efficiency. For example, when a detector having the counting 
efficiency of 40% counts 10 radiations per second, there are 
25 radiations per second, in fact. Furthermore, they are the 
radiations from a sample of 100 g, the number of the 
radiations becomes 0.25 radiation per gram of the sample. 

Therefore, by dividing the correlated events portion 
extracted as described above by the measured time, the 
amount of the supplied sample and the counting efficiency, 
the radioactivity per unit can be obtained (that is, the 
radioactive nuclide can be determined) . By such a time 
interval analysis method, the radioactive nuclides having 
half -life of from millisecond to microsecond can be 
selectively extracted. As the examples thereof, there are 
220 Rn -* 216 Po -*, 219 Rn -» 215 Po 221 Pr — 217 At — , etc. 

Further, by determining nuclides, which are unnecessary 
for the measurement by the above -de scribed method, on the 
basis of the half -life thereof and the time interval 
analysis method of the incident pulses, and by subtracting 
the thus determined nuclides from the energy spectra of an 
objective nuclide, the background can be lowered and the 
detection limit value of the objective nuclide can be 
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reduced. Thus, a nuclide having a long half -life, such as 
plutonium, etc., can be determined without carrying out a 
chemical separation. 

As described hereinbefore, when an abnormal leakage 
accident occurs in nuclear facilities, there is a 
possibility that an a-ray releasing nuclide having a long 
half -life, such as plutonium, etc. , contained in the nuclear 
fuel is released in the environment. It is therefore 
necessary to quickly determine plutonium in the suspended 
dust in the atmosphere. Practically, by sucking the air by a 
pump, the suspended dust in the air is collected on a 
filter, and after recovering the dust filter, the dust is 
measured by an a-ray detector. In this case, Rn, Po, Pb, Bi, 
etc. , which are the progenies of U and Th largely existing 
in nature are detected as the predominant nuclides and Pu, 
etc., are concealed in the background. Accordingly, when the 
time interval analysis is carried out and these natural 
radioactive nuclides having short half- lives are subtracted, 
an a-ray releasing nuclide only having a long half -life such 
as plutonium, etc., can be pulse height-discriminated and 
the determination of the a-ray releasing nuclide having a 
long half -life can be carried out. The pulse-height 
discrimination is conducted by matching the measured energy 
with the energy library specific to the radioactive nuclide. 
Thereby, at emergency, plutonium in the suspended dust in 
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the atmosphere can be quickly measured without need of a 
chemical separation. In addition, by this method, the 
concentration of plutonium, etc., of a background level is 
shown in an ordinary time. 

Further, since radon, thoron and progenies thereof can 
be extracted by using the method of the invention, it is 
possible to prepare, e.g., a survey meter that is not 
reactive with these nuclides by the application of the 
invention . 

As described above, because the invention utilizes a 
method of analyzing the time interval of incident pulses 
from a-ray releasing nuclides, even the nuclides having 
approximate energies can be determined without carrying out 
a chemical separation. Also, because in the invention, 
natural short half -life nuclides can be extracted and 
removed as background, even a-ray releasing long half-life 
nuclides can be simply and, quickly determined at a high 
sensitivity by combining the pulse- height discrimination. 
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